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ABSTRACT 
AN ASSESSMENT OF THE TOXICITY EXERTED BY URBAN STORMWATER 
RUNOFF ON BENTHIC MACROINVERTEBRATES AND FISH 
(September 1982) 
Carmen Medeiros de Queiroz 
B.A., Universidsde Federal Rural de Pernambuco; Brasil 
M.S., University of Massachusetts-Amherst 
Directed by: Dr. Robert A. Coler 
The effect of urban runoff on hatchability, survival 
and growth of Pimephales promelas was measured in 
flow-through (proportional diluter) and static (38 1 
aquaria) systems. In the field its impact was assessed with 
artificial substrates/live traps to derive diversity, 
survival and metal accumulation values on a variety of 
indigenous macroinvertebrates and fish. 
To correlate toxicity with water quality, chemical 
analyses were performed on water, suspended solids and 
sediments at 2 river stations and 2 runoff input sources. 
Results showed a large variability in runoff chemistry, 
between seasons, and even within the same storm. Usually, 
wet weather (rain and snow thaw), was responsible for the 
largest pollution load. No single parameter monitored, 
could be single out as the cause of runoff toxicity. A 
general degradation of water quality, to a level of 1.5 
v 
toxic units, could be attributed instead to the combined 
effect of many pollutants. 
The long term toxicity tests with the fathead minnow, 
showed growth to be limited to 50% of control values at 
approximately 60% of full runoff strength. The maximum 
allowable toxicant concentration (MATC) on other hand, was 
approximately 28%. Hatchability and average length were not 
as sensitive indicators of stress, however as millimiters 
produced per treatment and maximum and minimum sizes. 
The field studies largely confirmed chronic tests. 
Significant differences in survival, diversity and heavy 
metal accumulation did not occur in a pool almost totally 
fed by subsurface accrual into the sewerage until snow 
melting or rain events occurred. During such periods 
diversity values approached one half of the controls and 
heavy metal content increased 2 to 10 fold over control 
levels. 
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INTRODUCTION 
While the recognition of water quality deterioration 
due to domestic and industrial sewage extends back one 
hundred years, the identification of non-point source runoff 
as a problem originated no more than three decades ago 
(Loehr , 1974 ) . 
Precipitation over urbanized areas, can no longer be 
seen only as a "downpour of rainwater" (Sator et al, 1974) 
for in its descent there is an accretion of a host of 
contaminants. The rain, snow, etc. are recipients of heavy 
metals and other air-borne particles and subsequently upon 
reaching the roofs and trees, are augmented by copper, zinc 
and pesticides respectively. Cnee upon the ground the 
solute burden is increased by the leaching of heavy metals 
sequestered during the fallout of larger particulate 
industrial air pollutants. Domestic heating systems (fire 
wood, coal, oil), gasoline, oil combustion from vehicles, 
and as well, oil and grease from crank case leakings, 
further contribute to the pollution load. In addition, 
street salt, garden fertilizers and zinc from tire abrasion 
are washed by surface runoff, to eventually reach the rivers 
either indirectly as non-point sources or directly by 
drainage systems (point-sources). 
1 
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The cumulative effects of such increments have 
resulted in a pronounced deterioration of water chemistry. 
The water chemistry of 80% of the communities surveyed 
during wet weather, was reported by the Council of 
Environmental Quality (1976) to be governed by storm water 
runoff rather than by point source pollution. Consistently 
in Springfield (HA) Berger (1971) observed that nutrients 
and fecal coliform levels in the Connecticut River were much 
greater during storm events. Sator et al (1972) estimated 
that in an equal interval of time, there are more total 
solids in Cicinnatti’s runoff than in its raw sewage. 
Similarly, Environmental Control Inc. (1973) determined for 
the northeast that diffuse runoff contributes 40 to 80% of 
the total annual BOD and 10% of the nutrient load a city 
yields to its receiving waters. 
Such contaminants may well disrupt riverine 
ecosystems. Biologically significant levels of heavy metals 
(Shaheen, 1975) and pesticides (Sator et al , 1972; 1974) 
have been reported to be associated with the fine solid 
fraction of street surface particulates. Further, Reese 
(1978) observed that sorbed concentrations of copper, 
cadmium, lead and zinc in river sediments were leachable and 
potentially available. 
It is remarkable that the federal government has been 
slow to recognize this source of stress. Whipple, Hunter 
3 
and Yu (197*0, pointed out that with the exception of the 
National Water Commission, all of the water pollution 
control programs have been directed exclusively towards the 
control of recorded wastes. Unfortunately, this commission 
inappropriately classified runoff as a point source which by 
its definition is a source that may be directly controlled. 
The recognition that the nation’s rivers have failed 
to recover fully upon control of point sources pollution, 
prompted the Office of Water Research and Technology, to 
fund a five state study (1974-1975). It proposed to 
characterize the impact of urban runoff on water quality and 
the aquatic biota (DiGiano et al, 1976). Interest in the 
field, has since grown rapidly. Starting in 1973, the 
Journal of Water Pollution Control Federation has devoted an 
Urban Runoff and Combined Sewer Overflow section in its 
annual June Literature Review edition. More recently, the 
creation of the National Urban Runoff Program (EPA) and the 
increasing number of publications on the subject, indicate a 
growing awareness of the scope of the problem. 
LITERATURE REVIEW 
1. Urban Stormwater Runoff as a Source of Stress 
Runoff from urbanized areas, is comprised of a host of 
potential toxicants. Its composition, while extremely 
variable, usually includes: (1) solids, (2) nutrients (3) 
organic matter, (4) heavy metals (5) oils and grease, (6) 
pesticides, (7) inorganic salts, (8) bacteria (9) asbestos 
and rubber. 
Many sources of these pollutants, are presently well 
documented in the literature. Solid deposits, such as 
gravel, sand, plastic, glass, etc., have been one of the 
most studied components. They originate from tire and 
pavement wear, dirt and mud accumulated on vehicles, sanding 
from road deicing, erosion from highways, litter, car 
exhausts, etc. In Cincinnati, Wiebel et al (1964), found 
that suspended solids in storm water amounted to 1.4 times 
that contained in untreated sewage. Sand and silt, were 
estimated to accumulate up to 395 Kg/curb Km for a 
residential area (Sator et al , 1974) . In Durham, N.C. , 1765 
metric tons/Km year of solids are transported in runoff 
(Eryan, 1972). The impact of entrained particulates on the 
aquatic biota is manifold (Cairns, 1968). In suspension 
they decrease light penetration and thusly photosynthesis 
4 
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and predation efficiency. Suspended solids concentrations 
of 100-200 mg/1 of a kaolin and diatomaceous earth mixture 
were found to be harmful to rainbow trout (Herbert and 
Kerkens, 1961) Experiments with montmorillonite clay 
indicated that fish could tolerate high turbidity for short 
intervals (Wallen, 1951), but that values should not excede 
200 JTU’s for extended periods. Turbidity values of 1290 
units were reported for samples collected from street 
gutters (Sylvester, I960). 
The settleable solids fraction, organic and inorganic, 
reduces the number of habitats available to benthic - 
macroinvertebrates and inhibits spawning and egg hatching of 
fish. Production of hydrogen sulfide, carbon dioxide, 
methane and other noxious gases, evolve from the settleable 
organic component (Fed. Water Poll. Control Adm., 1968). 
Further, they function as potential substrates for bacteria 
and adsorption sites for heavy metals and pesticides. The 
fine silts (<43/0, while accounting for only 5.9% of the 
total solids, are responsible for more than 1/2 of the heavy 
metals, 3/4 of the total pesticides, 1/4 of the total E0D 
and one third to one half of the total algal nutrients 
(FHWA, 1981). Waters containing 80-400 mg/1 suspended 
material, are unlikely to support good fresh water fisheries 
(Fed. Water Pol. Control Adm., 1968). 
Nutrients, potassium, magnesium, calcium but mainly 
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nitrogen anc phosphorus, originate as animal wastes and 
inorganic fertilizers (Wullschleger et al 1976). Upon 
reaching aquatic systems, they stimulate the eutrophication 
process, contribute to odor/taste problems in drinking water 
and deplete dissolved oxygen concentrations. Various 
estimates of those nitrogen and phosphorus levels capable of 
stimulating algal blooms have been offerred: Sawyer (19^7), 
suggested at least 15 ppb P is necessary for growth. From 
data compiled from 17 Wisconsin Lakes, values of 0.30 ppm of 
nitrogen and of C.01 of phosphorus were found at the start 
of an active algal bloom (KacKenthun, 1965). Values of 0.3 
ppm of phosphate, have frequently been reported in urban 
runoff (WTiipple, Hunter and Yu, 1976). 
Organic matter enrichment, originating principally 
from humus and road side vegetation (FHWA, 1981), will 
catalyze bacterial growth resulting in a respiration rate 
that exceeds the reaeration rate. The ensuing anoxic 
environment becomes increasingly toxic with the accumulation 
of reduced nitrogen and sufide compounds. BOD values on the 
order of 96-23^ ppm were reported in street catch basins in 
Detroit (Palmer, 1950). In South Africa, BCD's of 30 ppm 
were found in runoff samples from residential and school 
areas (Stander, 1961). Storm water BCD's in Sweden 
(Arker1inch, 1950 ) and Russia (Shigori , 1956) were 10 times 
higher than in domestic waste water receiving secondary 
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sewage treatment. Itazawa (1971) determined that for 
rainbow trout, carp and eel the minimum level of DO in water 
required for maintenance of a "normal level” of 02 in 
arterial blood was close to the critical level for "normal 
life". The Fed. Water Poll. Control Adm. (1968) 
recommended that DO concentrations should not be less than 5 
ppm. The underlying assumption is that normal seasonal and 
daily variations are above this concentration for warm-water 
biota, and at or near saturation for cold water biota. 
Many sources of heavy metals, have been described. 
Lead results primarily from the use of "no knock" fuels and 
when used as a filler, from tire wear (Shaheen, 1975; 
Harrison and Lonen, 1977). Zinc, also used as a filler and 
as a motor oil additive, is released from roofs and other 
galvanized materials. These two dominant metals in runoff, 
attain concentrations of up to 600 ppm dry weight of road 
surface contaminants (Bryan, 1970). Copper, nickel and 
chromium, found in much smaller quantities originate from 
metal plating, and from wear of moving auto engine parts. 
Copper can also result from wear of brake linings (Shaheen, 
1975). Cil , grease, and other petroleum derivatives, result 
from leaks or spills of auto lubricants, hydraulic fluids, 
antifreeze, as well as from leaching of asphalt pavement. 
heavy metals, at acute levels of toxicity exert their 
impact at the gill/water interface through erosion of the 
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respiratory epithelium (Katz, 1979) and denaturation of the 
gill mucosa (Ellis, 1937). Sublethal exposures, however, 
afford penetration of the ions into the tissues. Their 
combination with sulfhydryl groups and consequent 
deactivation of these enzymes causes metabolic disruption. 
Further, there is an impairment in monovalent ions excretion 
and divalent ions readsorption resulting in alterations of 
blood O2 tension (Sellers, Heath and Eass, 1975), lack of 
calcium in bone tissues (Itai-itai disease) and nervous 
dis func tion . 
While it is difficult to generalize about so diverse a 
group, the 96h LC50 range usually extends between 0.01 and 1 
ppm and the MATC, is generally between a thirtieth and a 
hundredth of these values. For dissolved lead, MATC ranges 
for hard water were between 0.018-0.032 ppm while the 96h 
LC50 was 1.38 ppm (Davies, 1972). The cadmium MATC for 
Pimephales promelas on the other hand was between 0.057 and 
0.037 ppm (Pickering and Cast, 1972). Sparks et al (1972) 
observed that a concentration of 0.26 ppm of zinc would 
inhibit spawning in ripe blue gills and kill newly hatched 
1arvae. 
The pesticides group, is dominated in runoff by PCB’s 
and orgsno-phosphates which are washed out during heavy 
storms from gardens, parks and highway divisions. Fish 
kills occurred in at least 15 streams in the Tennessee River 
9 
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Futher, asbestos from clutch break linings and rubber 
have also their place as runoff compounents (Cardina, 1974; 
Shaheen, 1975 and Dannis, 1974). 
The chemical complexity of urban runoff is very great. 
The difficulty in predicting or ascribing environmental 
insult from its constituents however stems not so much from 
the diversity of runoff but its variability in time, region 
and season. The proportion in which these components are 
found in runoff, will depend on a series of factors: (1) 
Climate, (levels, frequency, duration and types o f 
precipitation), is thought to be a primary v ariable. (2) 
Season, is not only related to weather , but also to the 
period of leaf fall. (3) Landscape is pertinent to the 
application of pesticides and fertilizers, as well as to 
vegetative debris. (4) Land use (industrial, residential, 
etc.) affects the presence and level of pollutants 
generated by man’s activity. (5) Average daily traffic, and 
street sweeping schedule, dry days preceding storm and 
impervious and hydrologic drainage areas characteristics, 
are also among the independent parameters determining runoff 
load . 
If these could be quantified, predictive models for 
loading rates could be contructed. Several attempts have 
been made to relate parameters with pollutant load. After a 
literature survey up to 1972, and a careful selection of i2 
published studies with comparable sampling and analytical 
techniques, Bradford ( 1977 ) concluded: 
1. In urbanized areas, loading rates are below 
average despite heavy traffic. However, B0D5, 
nitrogen and lead concentrations are above average 
in accordance with expectations. 
2. The anticipated high phosphate concentrations from 
residential areas, were not observed nor was there 
a significant increase in street borne solids. 
3. The metals Cr, Pb, Ni and Zn, were unexpectedly 
found at below average levels for heavy industry 
areas. 
4. Tree-landscaped areas, yielded low average loads, 
indicating leaves are not a major source of 
street-borne materials. 
5. No consistent relationship was observed between 
automobile traffic density and lead pollution. 
Peavy (1970) concluded that the only really excellent 
correlation (0.89) was between rainfall and runoff. A 
correlation matrix to identify possible relationships 
between parameters, demonstrated a large variation in all 
parameters: lead-COD , r2=0.69; lead-BOD, r2=0.62; fecal 
coliforms-BOD, r2=0.56; total solids-discharge rate, 
r2=0.47. Further, the effects of antecedent conditions on 
yield could not be conclusively demonstrated (Bryan, 1972). 
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2. Runoff and Aquatic Systems. 
While concern had grown exponentially, the research 
published in the 70 's was devoted almost exclusively to 
describing hydrological and chemical characteristics of 
runoff. The growing appreciation of an ecological dimension 
to water quality arose from awareness that the 
implementation of secondary sewage treatment was not 
eliciting the dramatic improvement anticipate. Porcella and 
Sorensen (1580), reported that after an extensive survey, 
using seven computerized bibliographic data bases, only two 
of the 153 references applicable to urban runoff, dealt with 
ecological impact. A manual literature search, initiated 
concurrently, yielded a further smattering of case histories 
that were tangentially applicable. 
Cf the total, only Ragan and Dietmann (1976), DiGiano 
et al (1575, 1976) Pratt et al (1976, 1981), and Hawkins and 
Judd (1572) were specifically concerned with assessing the 
biological response to urban runoff. The first, by using 
fish census data, observed a decrease in species diversity. 
After urbanization took place in the Anacostia River basin 
the number of fish species dropped from 51 to 25 even though 
the total number appears to have been stable. DiGiano et 
si, 1576; Pratt, 1977 snc Pratt et al, 1981 observed that 
benthic macroinvertebrate diversity and composition 
reflected the degree of pollutant loading from urban runoff. 
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No biologically critical levels of any chemical parameter 
however were identified. Hawkins and Judd (1972) reported 
in lakes fish killing and reduction from ten dipteran and 
oligochaetas species, to 4 species of the last, due to 
deicing salt runoff. The ensuing high density of the lower 
stratum created a high resistance to turnover and subsequent 
anoxia . 
Because of the complexity and variability of runoff 
and the newness of the avenue of inquirey, biological 
investigations have been confined to field studies. 
Consequently without laboratory control they have been 
largely inferential. 
OBJECTIVE 
A review of the literature substantiates that the 
cumulative shock load to a receiving water from runoff could 
be 100 to 1000 times greater than that of domestic 
wastewater. Such discharges exert a dramatic effect on the 
quality of the receiving water (Bradford, 1977). It would 
seem that the virtually infinite variability in composition 
concentration, amplitude, rate of change and mass loading of 
potential toxicants preclude acclimatation by the riverine 
communities. 
The identification of runoff as a source of ecological 
disruption is a significant step in attaining the goal of 
"the protection of aquatic life and wildlife by 1983” 
(Gushee, 1973). The impact of stormwater to date, however, 
remains undescribed. Accordingly, the goal of this research 
will be to: 
1. Develop a controlled toxicity procedure for 
assessing the effect of urban runoff on benthic 
macroinvertebrate nymphs and selected fish species. 
2. Identify relationships among weathering, runoff 
chemistry and stress imposed on these organisms. 
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PROCEDURE 
1- Study Area 
The town of Greenfield, MA (population 19,200), was 
selected as the study site because it is essentially a 
sewered commercial district, with no industrial discharges. 
This characteristic affords impact analysis of urban 
stormwater runoff, free from confusion by industrial 
pollutants and raw domestic sewage. 
The Green River leaves southern Vermont as a class "B" 
river (Massachusetts Water Resources Commission, 1973) 
recharging in its southerly flow primarily from surface 
drainage of agricultural and forest lands (Pratt, 1977). 
River flow, then, is quite variable reflecting high summer 
transpiration and low winter percolation rates. The summer 
3 
monthly average flow was frequently less than 0.5 m /sec. 
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while, spring-winter monthly flows, approached 4.0 m /sec 
during the 1980-1982 study period (USGS-Colra in Gauging 
Station). The final third of its 25 kilometer course 
however, flows through Greenfield, where water quality 
rapidly degrades to a class MC” status. Within this urban 
reach, the river receives drainage via the Maple Erook storm 
channel, 12 major stormwater discharges, and from two 
combined sewer overflows, immediately before its confluence 
15 
16 
with the Deerfield River. 
The relatively even spacing of urban runoff sources 
within this short stretch of the river, results in a steep 
gradient of cumulatively larger imputs of urban runoff. 
Consistently, a progressive downstream deterioration of the 
diversity and stability of benthic macroinvertebrates has 
been observed (Pratt, 1977; Pratt et all, 1979, 1981). 
The excellent initial water quality level, absence of 
other sources of pollution and the gradient of urban input 
offers a unique opportunity. The sequential increment of 
runoff to the relatively pristine water is analogous to the 
standard flow-through diluter apparatus. The laboratory 
diluter physically models the system in which increments of 
toxicants are successively added to the diluent. Through 
the application of live traps, and a river runoff sampling 
regime the investigator is provided with the paradigm to 
verify her extrapolations. 
Four stations, two at the river bed and two runoff 
input sources were monitored (Fig. 1). 
Station 1 - The control station riffle, was located at the 
Greenfield-Colrain town line, by the drinking water 
treatment plant intake pool. As indicated by Green (1978), 
the choice permits a spatial control : not impacted x 
impacted area. 
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TCWN OF GREENFIELD 
ntxxjcujv ccxrrrrr 
Fig. 1 Location of sampling sites (stations 1 to 4) on the 
Green River, adjacent to Greenfield, MA 
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Station 2 - Maple Brook, is mostly enclosed in conduits of 
varying types, sizes and shapes. It originates from a 10.9 
hectare pond, at Highland Park, a small, wooded, undeveloped 
recreational area. The pond intake was observed to remain, 
for the whole summer, 0.5-1.0 m above water level. At 
Colrain St. it discharges into a 7m long "U" shaped 
concrete open channel, from which it flows for 50 meters 
into the Green River. Water was drawn from a 15 cm deep 
impoundment, at the open channel. The biological and 
chemical sediment studies were conducted 10 m downstream, in 
a 5 'm diameter, 80 cm deep sandy pool. 
The channel (Fig. 2), drains a 0.4 Km area, which 
comprises half of the business district. Cf this, 
approximately 25% constitutes impervious area draining only 
as surface runoff. The others 75% contributes to the flow 
as percolated (subsurface) runoff (Metcalf and Eddy, 1976). 
Summer dry weather channel flow, measured at Colrain St., 
3 
averaged 0.01 m /sec. After a 5 cm rainfall over a 24h 
3 
period, peak flows, attained 0.84 m /sec. upon discharge to 
the river (Metcalf and Eddy, 1976). 
Station 3 - The Mohawk Trail Bridge abutment storm drain 
outfall, a 60 cm diameter metal pipe, was selected to 
characterize the toxicity of urban runoff apart from ground 
water dilution. Urban surface runoff samples were drawn 
from this station solely during rainfall and/or snow melt 
19 
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Fig. 2 Drainage area of the Maple Brook Channel (station 2) 
Colrain St. - Greenfield, MA 
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events. Consequently, no biological or geological sampling 
was effected at this location. The watershed is Main St. 
from the bridge to Conway St., an area of approximately 1 
hectare (Fig. 3). Traffic, as measured by municipal 
traffic authorities, was 16,000 cars/day. 
Station 4 - This site is a 20-30 cm deep, 50 m wide riffle, 
with a coarse sand and rubble bottom, situated 500 m above 
the sewage treatment plant outfall. It receives the total 
cumulative runoff load from Greenfield. 
2-Rationale 
The methodology, to assess the toxicity of urban 
runoff, was predicated on exposing various life stages of 
selected fish species and macroinvertebrates from the 
control station riffle to a range of concentrations of 
direct (storm drain) and indirect (Maple channel) runoff. 
The field and laboratory toxicity exposures were of acute 
(96 h) and chronic (40 days) duration. The vertebrates 
employed were: eggs and early life stage of the fathead 
minnow ( Pimephales promelas ), fingerlings of brook trout 
( Salvelinus fontinalis ), native black nose dace ( 
Rhinichthys atratulus ). 
Survival rate and diversity, were determined to assess 
stress during short term tests, while hatchability, survival 
21 
Fig. 3 Drainage area of the storm drain outfall (station 3), 
at the Mohawk Trail Bridge - Greenfield, MA 
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and growth rates, were monitored, to evaluate chronic 
effects. 
Heavy metal uptake, was performed on insects tested in 
the field. Experiments, were conducted over the four 
seasons, to establish a temporal control for seasonal 
variability and to identify critical times of stress, if 
any. Concurrently, water, suspended material and sediment 
analyses were undertaken at the 4 stations, to isolate 
possible relationships between the decreased 
macroinvertebrate diversity observed by Pratt (1977), and 
the incidence of storm drains. 
3 - Field Collections 
A- Assay Water 
Diluent and test waters, 300 1 each, were retrieved 
every other week from the Greenfield pumping station site 
(control), and from the Maple Brook and storm drain stations 
during rain incidents. All assay water was pumped from the 
stations into polyethylene tanks and from there delivered to 
laboratory polyethylene reservoirs with a 3 HP Orly Mfg. 4 
cycle water pump. 
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B- Chemical Analyses 
River water and sediments, were collected at the four 
stations during dry, rainfall and snow melting incidents. A 
100 ml aliquot of a liter water sample was immediately 
filtered, in the field, through a 0. <45 M millipore filter, 
previously rinsed with deionized water, dried and weighed. 
The suspended material and filtrate were saved for heavy 
metals analysis. The latter, was preserved with 0.5 ml of 
concentrated HNO^, in polyethylene bottles. The remaining 
900 ml were reserved for wet chemistry analysis: acidity, 
alkalinity, calcium, chloride, ammonia and total phosphates. 
Samples for dissolved oxygen and 5 days-Biological Oxygen 
Demand (BOD 5) were collected in standard 300 ml DO bottles. 
Temperature, pH and conductivity were performed on site. 
The sample preservation and analytical procedures were 
those stipulated by AFHA, AkWA and WPCF (1980). These were: 
potentiometric titration with NaOH and HCL for acidity and 
alkalinity, EDTA titration, argentometry and 
Nesslerization-spectrophotometry for respectively calcium, 
chloride and ammonia. Total phosphates were determined by 
persulfate digestion followed by stannous chloride 
spectrophotometry. Conductivity/temperature were determined 
with a YSI-33 conductivity meter, while pH values were 
obtained with an ALTEX Expanded Kate ion-probe meter. 
24 
Heavy metals analysis, was confined to determining 
cadmium, copper, lead and zinc levels in water, suspended 
solids, sediments and the aquatic biota. Sediment and 
biological samples were first rinsed in deionized water to 
eliminate adsorbed metal contamination. The 70% ethanol 
solution applied for preservation of biological samples, was 
evaporated before the acid digestion. Biological samples, 
suspended solids and 2 gram aliquots of sediments were dried 
at 100 C to a constant weight, wet ashed with 10 ml of 
concentrated HNO3 , and gently boiled for a minimum of a 2 
hours. During digestion, total volumes were kept at 10 ml 
by adding deionized water. After digestion the samples were 
diluted to 50 ml, and centrifuged for 5 minutes at 4000 rpm. 
When necessary (to keep concentrations within sensitivity 
and linear instrumental response limits), a redilution or 
concentration was performed. Adjustments and settings for 
the Perkin-Elmer 551 atomic absorption/emission 
spectrophotometer, followed manufacturer’s specifications. 
C- Biological 
Fifty artificial Hester-Dendy (1962) multi-plate 
samplers were left for colonization for 30-45 days. This 
period spans the time observed by Cover and Barrel (1978) to 
25 
be necessary for colonization rates to stablize. For each 
run, 8 substrates were carefully removed individually with a 
long handled net and tranferred to a 20x20x20 cm fibre glas 
screen bag. Those specimens that drifted during the 
screening process, were collected in the net and returned to 
their substrates. Once netted, in their respective screen 
bags, the substrates were transported in control water, and 
deployed in replicate at: 
1. the laboratory to serve as a control for 
colonizing population, 
2. station 1 in the original upstream area (as a 
control for handling procedure stress). 
5. station 3 (Maple Brook Pool) 
4. station 4. 
The utilization of artificial substrates as a field 
bioassay method, constitutes an innovation. Six runs were 
performed during late winter-early spring, consisting of 96h 
exposures over two distinct weather regimes, dry and wet 
(periods of rainfall and snow melt). After the 4 day the 
substrates were retrieved, placed in ziploc bags, and 
transported in an insulated chest to the laboratory for 
inventory. Upon return to the laboratory, the substrates 
were processed and the live specimens, stored in a 4 C 
cooler, for a 24 h period to permit voiding of gut contents. 
Cnee identified, those macroinvertebrates of the same genus 
26 
from the 2 replicates were combined and preserved in alcohol 
for subsequent heavy metal analysis. 
Fifteen, 2 cm long brook trout fry were exposed during 
early spring for an equal period of time, at station 1, 
channel and station 4. The live traps consisted of 15x15x30 
cm long wood frames covered with fibre glas screening bags. 
The traps, 2 replicates/station were anchored between two 1 
m long steel poles hammered into the river bed. During the 
summer, high water temperatures approached lethal levels. 
Consequently native black nose dace (20/replicate) collected 
from the control station, were substituted to assess wet and 
dry periods. 
Laboratory assays, were designed to measure chronic 
exposures of fathead minnow eggs and larvae to a range of 
concentrations of storm drain and channel runoff. Fathead 
minnow eggs were obtained from the US-EFA Newtown Fish 
Laboratory, Ohio. The trout fingerlings were supplied by 
the State Hatchery at Sunderland, MA. Two delivery systems, 
flow-through and static renewal, were employed for 5 week 
periods. While not a resident of New England’s waters, 
Pimephales promelas is common in these latitudes (Trautman, 
1957). It is recommended by the EPA as the standard test 
fish species (USEPA, 1971) because it is small, disease 
resistant, readily cultured, ubiquitous and mid-range in its 
tolerances. Toxicity tests, were in accord with the 
27 
tentatives guidelines proferred by Stephan (1979) for early 
stage fathead minnow bioassays. 
Static experiments were conducted with 10-38 1 
aquaria, 2 replicates for each of 5 treatments: control, 50 
and 100% channel and 50 and 100% storm drain water. Two 
hundred eggs/concentration were agitated (2 
oscilations/min.) on a rocker, in 5 cm diameter 9 cm long 
PVC cups with nylon screen bottoms. The eggs were counted 
and selected under a scope. Those that were damaged 
parasitized and/or unfertilized were discarded. After 
hatching, the larvae were transferred to corresponding 
aquaria where they were maintained for 28 days. The 
dilutions were fully replaced and analyzed every 2 weeks for 
those parameters measured in the field collections. 
Flow through experiments, unlike static, aportion a 
90% concentration renwal rate every 12 hours (Sprague, 
1969). This more closely approximates natural rivers by 
providing current and constant toxicant levels. Fifty eggs 
were deposited in each PVC cup and agitated in a rocker 
assembly. For each concentration (control, 20, 40, 60, 80 
and 100% runoff) 2-1.150 1 glass boxes were employed. Test 
dilutions, were metered out via a gravity feed modified 
proportional diluter, (Lemke et al, 1978). A description of 
the apparatus is provided in Appendix 1. 
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In both regimes, fish were maintained on an "ad 
libitum" diet of ground (60 mesh sieve) Tetra, administered 
twice daily. During the first 10 days, the diet was 
supplemented with 1-2 days old live brine-shrimp nauplii 
cultured in the laboratory. 
To establish hatching, growth and survival rates, the 
test organisms from static tests, were transferred weekly to 
a Petri dish, photographed (McKim and Eenoit, 1971) and 
returned to their respective tanks. All of the newly- 
hatched fry and thereafter a random subsample of 20 fish 
from each of the two replicates of each concentration were 
photographed thusly. At the close of the 4 week, however 
the total population was photographed, for survival 
estimates. Pictures of the test fish were obtained by 
draining tanks to a depth of 1 cm and superposing the tanks 
or Petri dishes on a plastic millimetric grid. The 
negatives were projected on a screen and the test animals 
counted and measured against the grid. The total population 
at both, hatching and the final week, and subsamples for the 
3 intermediate weeks, were monitored in this manner. 
RESULTS 
1. Study Area 
Green River flow and precipitation (rain/snow) regimes 
during the sampling period between March 80-March 82 are 
presented respectively as monthly average flow and total 
precipitation (Fig. 4, Table 1). These data are pertinent 
to the research since runoff load, is a function of the 
frequency, duration and intensity of rainfall, and toxicity, 
is dependent on the river’s dilution capacity. The highest 
monthly flow rate occurred in late winter-early spring and 
the lowest during August and September, when water volume 
was a fiftieth of peak values. The same underlying pattern 
is evident in rainfall, but the range of response to 
precipitation, as obtained from the provisional data of 
USGS-Colrain line flow meter, is strongly influenced by 
season. During winter and early spring, flow and 
precipitation remained in phase because the watershed was 
impermeable or saturated. In late spring, summer and fall, 
percolation, evaporation and transpiration precluded as 
close a response (Fig.4). 
29 
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MOIMTH 19B1 
Fig. 4 Average monthly Green River flow (dashed line) 
and total precipitation (full line) for 1980 
and 1981. Data based on Greenfield Monthly 
Report and USGS-Colrain gauging station 
31 
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2. Chemical Data 
Chemical/physical data, were collected to establish 
water-sediment quality throughout the year. Averages values 
and their standard deviations for dry, raining and snow 
melting conditions for the 4 stations, are shown in table 2. 
At the control station, the chemical parameters varied 
little with weather conditions. During rain events, values 
of hardness and cadmium were highest, while at periods of 
snow melting, the lowest acidity and highest calcium, 
nutrients and copper values were obtained. 
At station 2, the decrease in alkalinity and pH during 
rain were less accentuated than at snow melting 
temperatures. The increased conductivity, calcium and 
chloride values, associated with thaw were probably a 
consequence of deicing practices. Rain also appeared to be 
correlated with a 2.2 and 2.3 fold increase respectively in 
cadmium and copper levels while similar increases (2.7 and 
1.4) of lead and zinc seemed to be more responsive to snow 
melting episodes. Generally a comparison of corresponding 
regimes with the control station yielded 2 to 10 fold 
increases in the metals, conductivity and the nutrients. In 
addition, the variation of mean parameter values with 
weather is distinctly more pronounced in station 2. 
Station 3 yielded values as high as 3000/Un/cm for 
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conductivity and 1892 ppm for chloride, during winter. 
Ammonia levels, reached 3.15 ppm, compared to 0.04 ppm at 
the control station. Similarly, phosphate values were 2.6 
fold higher at the runoff station. 
The nutrient levels at station 4, were 10 times 
greater than control levels. The larger BOD values recorded 
were measured during dry weather. This may suggest the 
presence of domestic sewage. Heavy metals mainly lead, were 
present in larger concentrations during snow melting. Once 
more, an increase in conductivity and chloride, during 
melting temperatures, reflects deicing practices. While 
there is a consistent increase in solutes over the control 
station during runoff, the trend is not dramatic. 
Suspended material and heavy metal content in 
sediments for the 4 sites sampled (Tables 3 and 4), were 
markedly higher with the transition from a rural to an urban 
watershed. A concentration of 1750 jug/g of zinc at storm 
drain runoff (station 3) in comparison to 49 jug/g at station 
1, represents the largest contrast. Similarly snow melting 
values for zinc were 22 times larger than those obtained at 
the control station, 12 times those of channel and 9 times 
station 4 values. Sediment metal concentrations, decreased 
at station 4 during snow melting periods. Dry weather 
values for that station were comparable to channel dry 
weather values, both, 2-5 fold larger than control 
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STATION 1 
DRY RAIN SNOW 
X s X s X s 
Cd 0.325 0.035 0.290 0.014 0.250 0.212 
Cu 19.160 12.784 28.175 2.652 5.258 6.421 
Pb 8.615 0.544 5.850 0.212 9.080 4.950 
Zn 35.625 21.743 49.660 2.065 19.328 14.807 
STATION 2 
DRY RAIN SNOW 
X 3 X s X 3 
Cd 0.654 0.027 0.835 0.163 0.917 0.213 
Cu 62.640 12.392 62.640 10.635 32.613 4.002 
Pb 70.897 12.041 95.105 8.365 101.803 24.973 
Zn 127.467 33.398 161.915 16.242 142.593 12.169 
STATION 4 
DRY SNOW 
X s X s 
Cd G.730 _ 0.213 0.053 
Cu 72.300 - 5.165 2.001 
Pb 70.200 - 11.950 1.838 
Zn 104.610 - 33.180 2.404 
Table 4 Heavy metal concentration (/jg/l) in 
sediment samples from stations 1, 2 
and 4 retrieved during dry, raining 
and thaw periods. 
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concentrations. Rain runoff may be responsible for the 
observed larger metal concentration in sediments. 
Storm drain runoff sampled at 5 minutes intervals, 
varied as much as 10 fold during one episode (Table 5). 
Such variability, together with climatic variables, make 
extrapolation from runoff to the stream bed tendentious. 
For the majority of the parameters measured however, peak 
concentrations occurred approximately within 20-35 minutes 
after the onset of storm discharge. Studies of Metcalf and 
Eddy (1976) demonstrated that for 5, 15 and 25 year rain 
events, precipitation crests occurred after 30 minutes. The 
present data suggest a rain intensity metal concentration 
correlation. In New Jersey, Whipple et al (1976), observed 
that 20-25 minutes from the onset of runoff was required to 
attain peak levels for heavy metals and hydrocarbon 
compounds from runoff. Both, the extreme range of variation 
and short duration of peak events limit the opportunity for 
acclimatation by the aquatic biota. 
C- TOXICITY 
Biological data were generated in both the laboratory 
(bioassay) and field (live traps). In the former instance, 
hatching survival, growth and production of fathead minnows 
were determined by static and flow-through testing. Field 
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exposures permitted the accumulation of data to determine 
survival rates, heavy metal uptake and diversity. The 
chemical data for the assay water of the 5 static and 2 
flow-through runs, are presented in tables 6 and 7 
respectively. 
A comparison of percent hatching and survival among 
the 5 static and both flow-through runs (Tables 8 and 9) 
demonstrates that the channel and runoff waters (Fig. 5) 
were clearly more limiting than the control water. Though 
hatching in channel and runoff was markedly lower, the 
effect of treatments was less pronounced on survival. 
Percent survival in control water varied between 19.5 and 
32.5% for static runs and between 18.7 and 22 for 
flow-through. Values obtained for storm drain runoff, 
though, never exceeded 7% in either exposure mode. 
A review of mean length values for static and 
flow-through survivors at the 5th week, yielded a curious 
trend. Thoughout the winter and spring runs the average 
lengths of runoff specimens, were slightly less than those 
of the controls. However, during summer-fall, when the 
number of survivors exposed to runoff were minimal, average 
sizes of the experimentals were greater than those of the 
controls (Tables 10 and 11). Figure 6, presents these mean 
values, with minimum and maximum sizes obtained as averages 
of both replicates. The restriction in ranges is 
40 
JAN./FE5. 
APRIL/MAY 
PARAMETER 
TEMP. 
CCND. 
D.O. 
pH 
ALK. 
ACID. 
NH3 
P04 
HARD. 
Ca 
Cd 
Cu 
Pb 
Zn 
80D5 
CONTROL CHANNEL RUNOFF 
z s S s X s 
25.00 0 25.CO 0 25.00 0 
10#.00 5.29 400.00 26.26 1290.CC 790.00 
S. 33 1.70 6.55 0.07 6.17 0.29 
7.00 0 6.95 0.07 6.87 0.06 
35.33 4.53 72.50 6.36 59.00 27.78 
8.21 1.83 7.48 3.11 11.44 9.19 
0.052 0.050 0.39C 0.350 2.160 2.670 
0.047 0.031 0.070 0.003 0.090 0.020 
64.80 21.33 106.80 35.64 121.33 64.66 
32.00 0 82.00- 14.14 82.67 42.67 
0 0 0 0 0.002 0.001 
0.030 0.010 0.030 0 0.080 0.060 
0.010 0.010 0.300 0.380 0.40C 0.310 
0.020 0.010 0.050 0.04C 0.230 0.330 
1.07 0.47 3.45 0.07 6.27 2.51 
CONTROL CHANNEL RUNOFF 
* S X s 5 2 s 3 S s 
24.50 0.50 24.70 0.58 24.70 0.58 
83.67 6.03 1073-30 110.15 1013.00 109.70 
6.73 0.21 6.63 0.12 6.57 0.15 
7. 17 0.15 6.57 0.12 6.80 0.30 
40.00 4.24 80. OC 1.41 99.50 0.71 
7.20 0. 1C 5.36 0. 10 6.25 0.10 
0.003 0.004 0.85C 0.C40 6.730 2.320 
32.00 0 76.75 6.U3 64.20 37.62 
0.009 0.013 0.032 0.012 0.026 0.001 
0.150 0.021 0.067 0.024 0.06 3 0.004 
0.04a 0.020 0.066 C.049 0.099 0.002 
0.010 0.014 0.010 0.014 0.110 C.014 
7.10 0.14 2.15 0.21 3.75 0.35 
MAY/JUNE JULY/AUG. 
CONTROL CHANNEL RUNOFF CONTROL CHANNEL RUNOFF 
X 3 I 3 s 3 X 3 X 3 X 3 
TEMP. 24.67 0.58 24.67 0.58 24.67 0.58 26.67 0.58 26.67 0.58 26.67 0.58 
CCND. 100.00 0 380.00 0 10'20.00 0 - . - - - - 
D.O. 6.80 0.10 6.70 0.20 6.63 0.06 6.70 0.26 6.43 0.32 6.30 0.53 
pH 6.97 0.06 7.00 0 7.20 0 7. 10 0.10 7.53 0.21 7.67 0.29 
ALK. 40.02 2.19 102.44 18.35 111.51 10.07 35.33 2.25 74.67 2.08 43.00 3.46 
ACID. 5.23 - 4.40 - 7.04 - 13.83 1.39 13.90 0.96 19.17 3-25 
NH 3 0.003 0.005 0.350 0.380 3.440 4.380 0.050 0.040 0. 140 0.082 1.330 0.145 
P04 0.080 0 1.000 0 0.380 0 0.055 0.005 0.026 0.021 0.122 o.oce 
HARD. 61.20 21.85 137.70 122.61 127.50 64.91 63.66 16.98 142.98 14.44 65.02 11.21 
Ca 40.10 0 172.32 0 152.25 0 36.63 13.89 104.16 34.98 34.5# 9.85 
Cd 0.009 0.013 0.C17 0.0C9 0.053 0.039 0.001 0 0.C50 0 0.05C 0 
Cu 0.015 0.021 0.040 0.014 0.060 0.028 0.010 0 0.080 0 0.090 0 
Pb 0.034 0.034 0. 126 0.035 0.139 0.059 0.040 0 0.090 0 0.610 0 
Zn 0.001 0.001 0.029 0.030 0.056 C. 062 o.c-30 0 0.210 0 0. #30 0 
30D5 0.80 0 0.40 0 2.00 1.41 0.90 0. 10 0.33 0.06 1.77 0.65 
CONTROL 
S s 
TEMP. 21.00 1.41 
COND. 110.00 - 
D.O. 8.8 0.99 
pH 6.40 0.28 
ALK. 14.59 5.08 
ACID. 5.00 1.41 
SH3 C. 158 0.C52 
PO 4 0.038 0.018 
HARD. 50.00 2.83 
Ca 38.00 2.83 
Cd 0.007 0 
Cu 0.055 0.007 
Pb 0.030 0 
Zn 0.170 0.028 
30D5 0.95 0.49 
SEP./OCT. 
CHANNEL RUNOFF 
X S X 3 
21. .00 1 . 41 21 . . 00 1 . .41 
145. , 00 95. .00 
7. .80 1 . 56 6. . 10 2. .69 
6. .55 0. 35 6 .60 0. .23 
1 4 , .25- 3. 75 9. . 18 3. .09 
S. .00 2. 83 21. .50 7. .78 
0. .705 0. 700 1. .185 0. .134 
0. .022 0. ,001 0. , 220 0. ,255 
56. .00 0 44. .00 5 . .56 
42, .00 2. ,83 30. .00 2, .53 
0. .009 0. ,001 C , .009 0. ,001 
0, .235 0 . .035 0, .350 0 , .042 
0 .110 0. .014 0, .035 0. 021 
0 .370 0 . ,014 0 . 205 0. .021 
5 . 00 u. .38 3, . 20 1. . 4 1 
Table 6 Assay water chemistry (mean) during the 5 long-term 
static exposures of fathead minnow 
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Fig. 6 Minimum, maximum and average length reached (average 2 
by 4 weeks old cultured fathead minnow, in Control (C) 
Channel (CH) and 100% Runoff (R), in a static and (*) 
through systems 
rep.) 
100% 
flow- 
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impressive. In contrast to the control, runoff ranges were 
reduced from 3-5 snd 1.6 mm to 2.2 and 0.9 mm for static and 
flow-through systems. 
ANOVA tests conducted on minnow lengths, for the 5 
weekly measurements, for static (Table 12) and flow-through 
systems (Table 13), identified a highly significant 
difference among experiments and weeks and significant 
differences among treatments in static exposures. A similar 
ANOVA for flow-through runs, showed no significance among 
the main effects experiments and treatments. 
Laboratory bioassays, demonstrated a reduction in 
hatching and survival and a restriction of the span of the 
sizes of fathead minnows. This last effect, may indicate 
that runoff could be acting as a selective mechanisms, in 
which the small fish, are eliminated, leaving the larger to 
survive, but, unable to attain full growth. To incorporate 
survival and growth in a single data set, production as 
total milimeters of fish produced, was plotted against 
concentration: Figures 7 and 8. Values for each replicate 
are entered in tables 14 and 15 respectively for static and 
flow-through tests. At figure 9, a regression of runs 
throughtout the entire year, showed a production decrease of 
84.1% for storm drain runoff, and of 67.6% for channel 
runoff waters. 
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URIAN WUNOPP CONdNTPXTION % 
Fig. 7 Production (millimeters of fish) obtained at the 
4th week in channel water concentrations (dashed 
line -A) and storm pipe runoff (full line -•) 
in a static system 
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Fig. 8 Production (millimeters of fish) obtained at the 
24 th week from minnows mantained in storm drain 
runoff concentrations, in a flow-through system, 
during summer (full line) and winter (dashed line) 
periods 
54 
SUMMER WINTER 
a 202.02 176.94 
CONTROL b 202.50 166.00 
X 202.26 171.47 
a 202.00 95.00 
20% RUNOFF b 110.00 134.96 
X 165.00 114.98 
a 156.00 167.94 
40% RUNOFF b 157.50 99.00 
X 156.75 133.47 
a 123.50 102.96 
60% RUNOFF b 148.50 64.02 
X 136.00 92.49 
a 114.50 102.00 
80% RUNOFF b 47.50 61.98 
X 81.00 81.99 
a 19.50 106.00 
100% RUNOFF b 29.00 0 
X 24.25 53.00 
Table 15 Production of fathead minnow (mm) during 
winter and summer exposures to storm drain 
runoff, in a flow-through system 
55 
Fig. 9 Diversity index of macroinvertebrates exposed 
in modified Hester Dendy artificial substrates 
after 96 hours exposures during dry, snow and 
storm rain periods, for control (O) , station 1 
(O) , station 2 (A) and station 4 (□) . Solid 
figures representing averages of 2 replicates 
within each of 2 runs 
56 
The acute (96 hours) toxicity survival data derived 
from the deployment of the live traps containing black nose 
dace and aquatic macroinvertebrates at stations 1, 2 and 4 
are listed in Table 16. All stations experienced a loss of 
macroinvertebrates, relative to the laboratory controls* 
Losses at station 2 and 4, however, were much higher than at 
station 1. Control station runs had 6x more 
macroinvertebrates survivors than channel and 2.3x mere than 
station 4. Assuming that the trauma sustained by relocating 
the substrates is reflected by the 16% reduction (relative 
to control) in survival at station 1, after 4 days, the 
channel (station 2) exerted approximated 4 times more 
toxicity. Station 4, was twice as stressful as station 1. 
With regard to the dace, stations 4 and 2 exhibited 40% and 
6% respectively of the survival rate observed at station 1. 
Similar experiments conducted with 2 months old trout 
fry during winter under dry and raining conditions, resulted 
in 100% survival at station 4, and 90% at station 2 (Table 
17). These values are surprising since the trout's 
sensitivity to stress is axiomatic. 
The results from Hester Dendy substrates utilized as 
live traps appear in Table 18 and Fig. 9. Channel station 
diversity index values were similar to those of the control 
station during dry weather, indicating that runoff is the 
main stress source at that station. The low Erillouin 
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index, however, observed within the same testing period at 
station 4, and the slight improvement observed during snow 
and rain periods, suggests the existence of some point 
source pollution, between stations 2 and 4. 
Heavy metal content in exposed macroinvertebrates, 
identified to genus, for each treatment (weather condition) 
are summarized in table 19. Only those genera occurring in 
at least the control and one other station are tabulated. 
The average metal content by insect order is presented in 
figures 10 and 11. A general increasing trend, can be noted 
from station 1, to 4, to 2. At the channel, and control 
stations, larger concentration were found during wet weather 
(rain or snow). The same trend is reflected in the 
diversity index. At station 4, however peak metal 
concentrations occurred during dry periods with wet weather 
values comparable to those at the control station. 
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Fig. 1 
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63 
Fig. 1 
| CONTROL | | STAY. <1 | | STAY. ■ | | STAY. 4 | 
■ AY BAY BAT BAY 
Heavy met al c o n t e n t in aquat] Lc macroinv ertebrates 
(average of 2 substra tes) for 2 runs d uring dry 
(=) , sto rm ra in (■) and snow th aw (:¥:) conditions 
after 96 hour s expo sures at sta tions 1 , 2 and 4, 
agains t colon izing controls. (E) Eph emeroptera 
(P) PI eco ptera (T) Tr ichoptera. > (A) lead and (B) 
Zinc • 
DISCUSSION 
Runoff water quality proved to be greatly variable, 
both within and between storms. A 10 fold increase in heavy 
metal concentrations was observed in the runoff of a 2 hour 
rain event that was sampled at 5 minutes intervals (Table 
5). Similarly, the large standard deviations of samples 
retrieved throughout the year (Table 2) reflect seasonal 
variability as well. 
Water quality deterioration during wet weather (rain 
and snow thaw), is evident. However, the identification of 
which of the two wet weather conditions is most responsible 
for critical conditions, remains unclear. Two aspects, 
should be considered in this regard: the runoff load from 
street, and the final concentration imposed on the aquatic 
life. Rainfalls, are more effective (by virtue of their 
volume and unobstructed flow) in removing street surface 
contaminants. On the other hand, the slower and less 
intense thaw flow, may increase the soluble fraction through 
either the extended contact time, or the smaller solvent 
volume. The second aspect, refers to the river's dilution 
capacity, which is primarily a function of rainfall pattern 
and rate of ground infiltration and percolation. The 
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seasonal rainfall pattern observed for 1980-81 revealed a 
more intense precipitation during February-March (Fig. H) 
with a total monthly precipitation of 156 to 240 mm. The 
lower levels corresponded to summer, when values of 51 and 
54 mm for 1980 and 1981 (Table 1) were obtained. River 
flow, responded closely, throughout the cold months, but 
remained 1/50 to 1/30 of maximum winter values, despite any 
storm. Evaporation, transpiration and percolation into the 
now unfrozen ground dominated the rainfall volume effect. 
The first of these two antagonistic aspects, can more 
easily be examined, by considering the storm pipe (station 
3) draining Main St. directly. It is only subjected to the 
interaction of man’s activity with precipitation. Snow melt 
water samples at this station (Table 2), yielded more 
stressed conditions (with the exception of ammonia, calcium, 
copper and zinc), than rain storm samples. The impact 
imposed by these loads intensified by winter deicing 
practices, was, however, averted by the river’s dilution 
capacity despite the stronger runoff. The sensitive brook 
trout fry, survived winter exposures (Table 17) yet 
virtually 100% of the indigenous adult dace died during 
summer storms (Table 16). Channel flow approached river 
volumes (Metcalf and Eddy, 1976) thus exposing, the river 
community to 50% runoff concentrations. 
Results for suspended solids and sediments retrieved 
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during wet conditions, reflected the same pattern of water 
degradation. Thaw and the rain events yielded heavy metals 
concentration that were consistently higher than the dry 
weather values (Table 3). At the storm drain, the suspended 
solids load during rain and thaw was respectively 54.0 and 
55.4 mg/1 as opposed to 38.8 and 35.8 mg/1 measured at the 
control station. Similarly, a comparison between stations 1 
and 2 under rain and thaw conditions underscores both the 
heavy metal contribution of urban runoff and the distinction 
between rain and snow melting conditions. The copper 
content of runoff was 2.8 and 7.7 times that of control for 
rain and snow melt respectively, for cadmium 1.9 and 3.6, 
for lead, 20 and 22 and for zinc 25.9 and 7.3. Higher metal 
content in sediments at stations 1 and 2, also corresponded 
to snow thaw periods. Station 4, did not conform to this 
trend with the highest levels normally found during dry 
sampling. 
The macroinvertebrates colonizing the Hester Dendy 
substrates/live traps, at station 4 confirmed the anomaly 
with the greater heavy metal content, and lower Brillouin 
diversity index recorded during dry weather (Table 18). 
This suggests the presence of a point source, between that 
station and station 3. Pratt (1977), observed a similar 
trend at his station 5, (between stations 3 and 4 of present 
study). Conversely, though exposed to a greater proportion 
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of flow originating as urban runoff than upstream stations, 
diversity dropped during the optimum December-January 
period, and remained constant over the critical summer. His 
station 6, on other hand, was the least diverse in the 
summer when values were 38% lower than the reference 
diversity. He alluded to a coal tar seepage comfounding the 
runoff effects at station 5. The presence of an unrecorded 
domestic sewage outfall, could explain the higher ammonia, 
phosphates and BOD levels during dry weather. However, the 
considerable high metal content in sediments as well as in 
macroinvertebrates, and abundance of metals associated with 
coal (FHWA, 1981), implicate the coal tar seepage. Further, 
year-round oil slicks at this same station, due to leakage, 
were also observed by DiGiano et al (1976). 
The artificial substrates at station 1 in dry and rain 
events produced a 1.5 diversity level (Table 18, Fig.9). 
Rain and snow values obtained were respectively 1.7 and 2.0. 
During dry weather, at station 2 when the channel flow 
originates from subsurface pond drainage and/or percolated 
runoff, diversity index values were similar to those of the 
control. Snow melting, decreased diversity from 1.6 to 1.4 
while rain reduced diversity to 1.1. This indicates runoff 
is responsible for the main channel toxicity during storms 
and also suggests the potential of ground filtration as a 
treatment measure. 
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The heavy metal content in the resident 
macroinvertebrates colonizing the substrates at stations 
receiving runoff, was higher with distance downstream, 
during the same weather. The metal content in 
macroinvertebrates among the 3 weather regimes at the 
control stations was small, but increased markedly at 
channel and station 4 (Fig. 10 and 11). This trend, seems 
to be attenuated by possible input from coal tar seepage at 
station 4. Nehring (1976), found macroinvertebrates to be 
effective monitors of heavy metal pollution, since they 
concentrate the metal in predictable levels, relative to the 
proportions that occur in the stream. Ephemerell a exposed 
to concentrations of 0.6 ppm of copper, lead and zinc, 
showed an average respective accumulation of 1240, 5702 and 
1794 ug/g of dry tissue. He maintained that because of this 
capacity to tolerate high concentrations of heavy metals and 
to function as indicator organisms, macroinvertebrates 
provide a sort of faunal memory. 
Examination of figures 10 and 11, reveals that larger 
heavy metal concentrations, were observed in plecopterans, 
than in the ephemeropterans and trichopterans. Fourteen day 
LC50’s calculated for the two first orders, represented 
respectively by the genus Ephemerell a and Pteronarcys , 
indicated that stoneflies, was far more tolerant to copper, 
lead and zinc than mayflies (Nehring, 1976). This would 
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permit a larger density of stoneflies. Mayflies however may 
have been eliminated, prior to reaching such levels. The 
suggestion by Pratt (1977) that substrate diversity 
reduction may have occured as a consequence of the physical 
action of settleable particulates, is not valid for the 
screen bags, act as barriers to such particles. Also, 
because water chemistry values were below lethal levels, and 
the bags were maintained above the ground, any toxicity 
imposed would have originated from fine suspended material 
or from the mobilization of solutes from the sediments into 
the boundary layer. 
The trends evinced by the diversity index and metal 
content at Greenfield, were clearly more pronounced than 
those gleaned from the water chemistry data, and more in 
phase with, suspended solids and sediments data. Street 
seepage contaminants were found to contain high 
concentrations of heavy metals (Pitt and Amy, 1973; Sator, 
1972, 1974). Added to the fact, that sediment metal 
content, is leachable and biologically available (Reese, 
1978), the present data support Pratt’s (1977) speculations: 
The primary vehicle through which runoff toxicity is 
exerted, operates mainly in the river bed, rather than the 
overlying water. 
During chronic tests conducted' with fathead minnows 
hatched and cultured in runoff and channel there was a 
7C 
measurable drop in survival compared to the controls. The 
affects on hatchability, however, were less pronunced (Fig. 
6). Egg membranes of fresh water teleosts are extremely 
selective, (as an adaptation to their hyposmotic medium), 
and thus able to tolerate a more stressful situation. 
The average size of minnows exposed to runoff and 
channel waters, did not differ greatly from the control. 
For the 5 static runs, average control lenths were 11.3 cm, 
11.5 in channel and 10.16 in storm drain runoff (Table 10). 
In flow-through conditions, control fish averaged 9.66 cm 
and runoff fish, 10.2 cm. If any, the differences would 
indicate test water as being favorable to fish growth. 
Average sizes, increased also within the runoff station, 
from winter to summer, when environmental conditions were 
the most stressful. The high variability (standard 
deviations and coefficients of variation) observed in 
control water however, indicate that a broad spectrum of 
individuals were able to survive that medium. Conversely, 
the reduced variability in the experimental water, could be 
an expression of the culling action of a selective mechanism 
(greater surface area per unit volume and/or lack of vigor). 
The elimination of smaller (weaker) fishes would have 
increased the average length. As conditions became more 
critical, with the low river flow, greater restrictions were 
imposed and summer average length thus increased (Fig. 6, 
Tables 10 and 11). 
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Life history studies of the fathead minnow ( 
Pimephales promelas ), revealed that winter-early spring 
growth rates for the species were much greater than 
summer-autumm rates. The lengths obtained by spring hatched 
minnows in two month, took 3 and a half month to be reached 
by summer hatched fry (Markus, 1934) . Young fathead 
minnows, when cultivated during winter months, showed also a 
more active behavior and consumed more food than mature fish 
(Markus, 1932). Similar trends, were observed in static 
flow experiments, where greater maximum sizes and greater 
length ranges were obtained during the first two runs, 
corresponding to the January-May period (Table 10). 
July/August control maximum length, was 15 mm, while the 
winter maximum was 22 mm. This gives a 1.5 ratio, compared 
to the 1.8 ratio found by Markus (1934). This relationship, 
however was not evident in the flow-through experiments. 
Runoff's deleterious impact, can be also be observed 
by expressing results as production of fish in millimeters 
at each concentration. The tactic, permits combination of 
length and survival in a single datum and is for that reason 
more instructive than mean growth values. Average fish 
production in the control tanks was more than 2 times that 
of 50% runoff and 6 times that of 100% runoff (Table 14) in 
static runs and, depending on season, 3 to 8 times greater, 
in flow-through system. At no instance, was productivity in 
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treatments greater than in the control. The concentration 
in which production was reduced to 50%, appears to be about 
60% for continuous flow, and static runs calculated for 
the whole year. A lower value however is usually found for 
flow-through experiments relative to static systems 
(Pickering et al, 1977). 
The toxicity of a substance is generally described by 
two parameters, the maximum allowable toxicant concentration 
(MATC) and the ninety six hour LC50. The former is usually 
regarded as the safe concentration limit. It is derived 
from the geometric mean of the highest concentration in a 
toxicity test that does not elicit a significant different 
response than the control and the next highest 
concentration. The latter (96 h LC50), a measure of acute 
toxicity, is that concentration required to kill 50% of test 
organisms in 96 hours. A maximum allowable toxicant (MATC) 
though the raw data points suggests an asymptote at a 28% 
concentration. Assay water quality for the static and 
flow-through tests (Tables 3 and 4),^ for parameters 
measured, only exceeded 96 hr LC50 values for fathead minnow 
of copper, when concentration reached 0.43 ppm (Eaton, 
1973)* This occurred during the September/October period, 
when also no hatching was obtained at 100% channel and storm 
drain waters. 
By adopting the toxic unit approach and reporting 
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maximum concentrations recorded as fractions of their LC 
50's (Sprague, 1969). it is possible to predict the acute 
toxicity of the combined effluent. The summation of those 
components greater than 0.2 (Table 20) yielded a toxicity 
approaching 2.0. Assuming a river flow of 0.5 rr3/sec and a 
total runoff rate, after a summer storm, of C.25 m3/sec, 
there would be 2:1 dilution factor that could result in 
acutely toxic waters for fish fry inhabiting urban river 
reaches. The likelihood of such a possibility is increased 
when considering that the synergistic toxicity to fathead 
minnow of copper, cadmium and zinc combined is about 20% 
more than their arithmetic sum (Eaton, 1973). 
It is entirely possible that heavy metals and ammonia 
contribute to the toxicity of urban runoff to fish. This 
may not be said with as much confidence about 
macroinvertebrates which are. easily an order of magnitude 
more tolerant. 
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CONCLUSIONS 
On the base of accumulated data, it can be said that 
urban runoff exerts a chronic toxicity to fish and 
macro invertebrates. 
1. Macroinvertebrates reflected the heavy metal content due 
to runoff. Heavy metal in insect larvae colonizing live 
traps,, increased dramatically with wet weather (rain and 
thaw) conditions. 
2. Diversity indices derived from invertebrates colonizing 
the Hester Dendy substrates, did not show stress at the 
urban channel station except during runoff. 
3. Extrapolation to the stream bed from runoff load is 
tendentious due to the extreme variability during and 
between seasons, as well as sampling time. 
4. Average length used by itself, may not represent a good 
index of fish health if the toxicant acts selectively. A 
combination of growth and survival, expressed as 
production can be in these cases, more informative. 
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5. River volume, represents the ultimate factor controlling 
runoff toxicity, at least over short periods. While 
runoff concentrations were greater during winter periods, 
the biota were more profoundly disturbed, in laboratory 
and in field situations, during the summer, when river 
flows were minimal. 
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APPENDIX 1 
Flow-through system utilized during laboratory bioassays 
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APPENDIX 2 
Brillouin Diversity Index and Evenness Equations 
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Brillouin equation for species diversity 
H 
1 N! 
log 
N ~N" ! N ! . . . N ! 
1 2 s 
or 
1 s 
H = _ (log N! - E log Ni!) 
N i = 1 
where: 
N = Total number of organisms in the collection 
Ni== The number of individuals belonging to the 
ith specie 
s = Number of species in the collection 
H = Diversity Index of a finite collection 
Brillouin equation for species evenness: 
H 
J = _ 
Hmax. 
where: 
1 N! 
Hmax. = _ log __ 
N s-r r 
{CN/s]!} { ([N/s] + 1)!} 
[N/s] = integer part of N/s 
r = N-s [N/s] 
1 = Evenness of a finite collection 
APPENDIX 3 
View of the Storm Drain Outfall (Station 3) 
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